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ROTOR WITH DOUBLE-CIRCULAR-ARC ATRFOIL BLADE SECTIONS
IT - BLADE-ELEMENT PERFORMANCE

By George W. lewis, Jr., and Francis C. Schwenk

SUMMARY

An experimental transonlic axisl-flow-coupressor rotor was designed,
constructed, and tested to supply experimental blade-element data for
double-circular-arc airfoil sections. The rotor was designed to operate
at a corrected tip speed of 1000 feet per second, to obtain an aversage
total-pressure ratio of 1.34, and to pass a corrected specific weight
flow of 30.7 pounds per second per square foot of frontal area. The hub-
tip radius ratio at the rotor inlet was 0.5. This report presents the
rotor-blade-element performance at 60, 80, 90, and 100 percent of design
speed.

High blade-element losses were noted near the tip of the rotor at
design speed. The major portion of this loss is attributed to high blade
loading. Excessive shock losses were not noted up to Mach numbers of
1.08. The measured blade-element losses are ln good sgreement with pre-
viously reported rotor-blade-element data.

Comparisons of measured deviation angles with angles determined by
Carter's rule indicate good agreement at the mesn radius. Deviation
angles near the hub and tip of the rotor are respectively higher and
lower than values chtained by Carter's rule.

A simplified-radisl-equilibrium calculatlon was performed at the
rotor exit to determine the velldity of the method for design purposes.
Comparlison of the calculated and experimental results indicates good
agreemsnt,

INTRODUCTION

Results of recent investigations (refs. 1 to 5) have indicated that
efficient axial-flow-compressor stages, capable of producing high pressure
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ratio and high specific weight flow, can be obtained by designing for
operatlion wlth transonlc rotor-inlet relastive Mach nimbers (approximately
1.1 at the rotor tip). The double-circular-arc alrfoll was chosen for
this transonlc compressor as dilscussed in reference 4.

At the present time, little blade-element data for the double-
circular-arc airfoil in cascade are available for the range of conditions
needed in the design of transonic axial-flow compressors. Reference 2
presents the methods and significant parameters for determining blade-
element data from rotor tests. In order to provide such blade-element
data and other compressor design informatlon, a transonic axiasl-flow
inlet-stage compressor rotor has been designed with double-.circular- arc
alrfoils and tested at the NACA lLewis laboratory.

3481

The design, over-all performance, and rotating-stall characteristice
of this compressor are reported In reference 4. A brief summary of the
design serodynamic characteristics is as follows: design corrected tip
speed, 1000 feet per second; inlet hub-tip radius ratio, 0.5; and design
corrected specific welght flow, 30.7 pounds per second per square foot
of frontal area. The design value for the rotor-inlet relative Mach
number at. the tip is 1.10, and the design rotor total-pressure ratio is
1.34, The tlp diameter of the compressor is 14.00 inches.

The results of detailed survey tests of this compressor rotor are
presented and analyzed herein to provide, specifically, blade-element
characteristics of double-circular-arc airfoils and information related

to the design of tramnsonic axlal-flow-compressor rotors.

SYMBOLS

The following symbols are used in this report: A diagram illus-
trating the air and blade anglies and the velocities is presented in

figure 1.

Ap compressor frontel aree based on rotor tip diameter, sq ft

c specific heat of air at constant pressure, Btu/(1b)(°R)

P

D diffusion factor (ref. 6)
g acceleration due to gravity, 32.17 ft/sec2
H total enthalpy, chJT, sq ft/sec2

i incldence angle, angle between inlet relative air-velocity vector
and a tangent to blade mean camber line at leading edge, deg
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J Joule's constant, 778.286 ft-lb/Btu

K wall boundary-layer blockage factor

M absclute Mach number

P  total pressure, 1bfsq £t

r radius measured from axis of rotetion, im.

s entropy, Btu/(1b)(°R)

T absolute total temperature, °R

t static temperature, °R

U blade speed, ft/sec

v air velocity, ft/sec

W air welght flow, lb/éec

B alr-flow angle measured from axis of rotation, deg

T ratlo of specific heats, 1.40

Y® blade angle, direction of tangent to blade mean camber line at

leading or trailing edge measured from axis of rotatlion, deg

5] ratio of inlet total pressure to NRACA standsrd total pressure,
P /2116.22

8° deviation angle, angle between outlet relative alr-velocity vector
and tangent to blade mean camber line gt trailing edge, deg

4| adlabatic tempersture-rise efficlency

e ratio of inlet total temperature to NACA stendard temperature,
T, /518.688 :

p static density of air, 1b/cu ft

g solidity, ratio of blade chord measured along streamline to average
blade spacing

relative total-pressure-lioss coefficient

gl
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Subscripts:

b blade element } -
h hub
id ideal
m mean radius —
3
R rotor 0
Bt NACA standard conditilons
t tip
z axial direction
e tangential direction
1 depression tank
2 upstream of rotor, location of inlet static-pressure rake
3 rotor inlet *
4 rotor-outlet survey station
& compressor outlet, discharge measuring station
Superscript:
! denotes conditions relative to rotor blade row
APPARATUS AND PROCEDURE
A complete description of the design and geometry of this rotor is

presented 1in reference 4. The compressor was installed in the research
facility described in reference 7 and shown in figure 2. Hub radiil at
stations 2, 3, 4, and 6 are, respectively, 3.26, 3.50, 4.00, and 4.50
inches.

Instrumentation .

The Instruments employed in the testing of this compressor sre de-
scribed in reference 4. Some further dlscussion related to the use of

the rotor-outlet (station 4) instrumentation is necessary.
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Radial variations of rotor-outlet total pressures, total tempera-
tures, and flow angles were determined by traversing two combination
survey probes across the passage. Dats were recorded at 13 radiasl
positions - three positions each near the inner and outer walls and sev-
en positions in the free-stream portion of the annulus. The measured
total pressure, total temperature, and angle data taken with the two
combination probes were averaged for each radial position. An avergged
thermocouple Mach number correction was sppllied to the aversge of the
thermocouple resdings. .

Rotor-outlet static pressures were teken at the seven free-stream
radial posltions with the L static-pressure probe described 1in refer-
ence 4. The four static taps on both the inner and outer walls supple-
mented the survey-measured static pressures.

The reliasbility of the dats can be estimated on the same basis as
in reference 2, namely, checks of the integrated weight flows at stations
2 and 4 against the orifice-measured weight flow and comparison of the
integrated adisbatic tempersture-rise efficiency with integrated momentum
efficiency. The integrated weight flows checked within 2 percent of the
orifice-measured weight flows. For corrected rotor speeds above 60 per-
cent of design speed, the temperature-rise and momentum efficiencies
agreed within 3 percentage points, with the momentum efficiency usually
higher than the temperature-rise efficiency. At 60 percent of deslgn
speed, the tempersture-rise efficiencies are about 6 percent lower than
the momentum efficlencies. At the lower speeds, the percentage differ-
ences are greaster because of the small total-temperature rise across the

rotor.

Procedure

During these survey tests the rotor was operated at 60, 80, 80, and
100 percent of design speed and over a range of weight flow at each speed.
The compressor-inlet total pressure wes maintained &t 24 inches of mercury
absolute, and the inlet total temperature varied from 63° to 83° F, de-

pending on the amblent air tempersture.

Computations

The presentatlon of data and performence parameters used in this
report is identicel to the presentation in reference 2. The equations
employed in computing the rotor-blade-element and mass-averaged per-
formance sre presented in the appendix and are discussed in reference 2.
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ROTOR PERFORMANCE
Inlet Conditions

The computations of inlet conditions were made with the gbsolute
inlet velocity considered axiel in direction (no inlet guide vanes).
Reference 4 outlines the procedure used for calculating the inlet
conditions.

Figure 3 presents the radial variation of the rotor-inlet absolute
Mach number, which is expressed as the ratio Mz/Mz ;, of the Mach num-

ber at any radius to the Msch number at the mean radius. The data at
three corrected tip speeds (60, 80, and 100 percent of design) are
given. Similar radial gradients of inlet Mach number are shown for
the three welght flows at design speed and for the meximum welght flow
and peak effliclency polnts at 80 and 60 percent of design speed. This
radial gradient of inlet Mach number is probably due to the curvature
of the hub contour and inlet bellmouth and the influence of the rotor.
A change in the slope of the Mach number ratioc with radius is noted
for the low weight flows &t 80 and 60 percent of design speed. The two
low weight flows at 60 percent of design speed are reported 1in refer-
ence 4 as points where xrotating stalls occur. The slope seems to cheange
gradually with a reduction in weight flow. A change in the slope of
the inlet Mach number varlation was not observed at design speed be-
cause the rotor was not operated in a stalled condition at that speed.
The relative inlet Mach number near the rotor tip was 1.08 at design
speed and design weight flow.

The radlsl variation of the inlet relative air-flow angle over a
range of tip speed and welght flow is shown in figure 4. Blade angles
are included in flgure 4 to permit an evaluation of the redial variastion
of incidence angle at the various speeds.

At the low weight flow for 80 percent of design speed (fig. 4(b)),
an increase in the slope of the relative air-flow angle varlation can be
noted in comparison with the dats obtained at the other conditions. This
variation conforms wilth the change in the rotor-inlet absolute Mach num-
ber gradient shown in figure 3(D).

Blade-Element Performance

The blade elements are defined as the sectlons of the blade that
lie on assumed stream surfaces of revolution. The siream surfaces are
formed by roteting a streamline (as seen in an rz-plane on fig. 5) about
the axis of the rotor. BEBach streamline 1s mssumed to be & straight line
that intersects the meassuring planes upstream and downstream of the

L
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rotor at equal percentage redial Increments of the passage height awsy
from either the inner or outer walls; that is, for each meridional
streamline, )

rt-r
———— = constant
Ty - Tp

where r is the streamline radius and riy and ry are the tip and hub

radii, respectively, at each measuring station (fig. 5). The geometry
of the rotor blade elements is presented in table I. ’

The blade-element characteristics for this rotor are shown in fig-
ure 6 for four selected blade elements and corrected rotor tip speeds of
80, 80, 90, and 100 percent of design speed. The four blade elements
are located at 12.7, 17.7, 49.0, and 84.4 percent of the passage height
from the outer wall (positions 3, 4, 7, and 10, respectively). The char-
acteristics shown are the varistions with incidence angle of the relative
total-pressure-loss coefficilent Eh, deviation sngle 59, inlet relative
Mach number M, axial-velocity ratio Vz’éfvz’s, blede-element loading

as described by the diffusion factor D, work coefficient (nondimensionsl
temperature rise) AH/U%, and blade-element adiabatic efficiency Ty,

The significance and origin of the various parameters used in the gnaly-
sis of rotor-blade-element performance are discussed in reference 2. The
incidence angles were computed from the measured blade angles and the
relative 1inlet alr-flow angles.

Only the losses and deviation angles are discussed in this report.
The trends of the other blade-element performsnce parameters are similar
to those discussed in references 2 and 8.

Relative totel-pressure-loss coefficient. - The variatlions of the
relative total-pressure-loss coefficient (eq. (4), appendix) with
incidence angle are shown on figure 6., The trends of the loss vari-
ations are similar to two-~dlmensional cascade test results and pre-
viously reported rotor-blade-element data (refs. 2, 7, and 8).

As the inlet relatlive Mach number M% level 1s increased by in-

creasing the rotor speed, a reduction in the low-loss incidence-angle
range can be noted for all blade elements except the element near the
hub (fig. 6(d)). Most of the range reduction occurs on the low incidence
angle slde of the minimum-~loss incidence angle at each speed. Also,
associated with the increasing Mach number (tip speed) is an increase

in the wvalue of the minimum-lose incidence angle for the sections near
the tip and st the mean radius (fig. 6(a) to (c)). Similar reductions
in the incidence-angle range and increases in the minimum-loss incidence
angle with incressing Mach number have been observed in other rotor

investigations (refs. 2, 7, and 8).
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For the two blade elements near the tip (figs. 6(a) and (b)), the
minimum loss at design speed 1s substantially higher than the losses at
the lower speeds. At high values of inlet Mach number, an increase in
minimum-loss level with an iIncrease in Mach number (or compressor tip
speed) may be caused by both an increase in the blade loading and the
formation of shock waves In the blade passages. The relative effects
of each of these factors on the minimum-loss level can be roughly sepa-
rated by means of the diffusion factor D correlation of reference 5 as
explained in reference 2. Accordingly, figure 7 presents the variation
of the rotor-blade-element total-pressure-loss coefficient with diffu-
sion factor D. The points shown on this plot represent only the dats
in the vicinity of the minimum-lose incidence angle (fig. 6).

3481

The data near the rotor tip (fig. 7(a), 12.7 percent of the passage
height from the outer wall) are compared with the tip-region correlation
in reference 6 (10 to 12 percent of the passage height from the outer
wall). The dashed lines on figure 7(a) show the range of data for the
tip section of rotors operating at Mach numbers below the level where
excessive shock losses were observed (ref. 6).

Figure 7(a) shows that the tip-section minimum losses for this rotor
correlate well with the results reported in reference 6. This is an
indication that the increased losses at design speed can be attributed
t0 increased blade loading and that shock losses in this rotor at the -
minimum-loss level are probebly not excessive for rotor-inlet relative
Mach numbers up to 1.08. The Increase in the tip-section diffusion fac-
tor (blade loading) at design speed (fig. 6(a)) is caused by the sharp
decrease in the axial-veloclty ratio vz,é/vz’s with increasing speed

(ref. 2). The measured rotor-tip diffusion factor D for peak effi-
clency operation at design speed is about 0.50, whereas the design value
is 0.33.

Compared with the tip-sectlon data, the level of the minimum-loss
coefficient (for each constant-speed curve) at the mean radius (fig.
6{(c)) does not increase significantly with increasing speed. Near the
hub (fig. 6(d)), the losses at design speed sppear slightly higher than
the losses at the lower speeds. This difference may be caused by meas-
urement errors, since the spread is within the experimental accuracy.
The plots of minimum loss against diffusion factor for the mean and hub
sections (figs. 7(c) and (d)) are similar to the variations obtained
with two-dimensional cascade data (ref. 8).

It is of Interest to note the incidence angle at which rotating
stalls were first observed, &s reported in reference 4. At 60 percent -
of design speed, a partial-span rotating stall (near tip) was observed
at a corrected specifilc weight flow of 15.8 pounds per second per square
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foot of frontal area, corresponding roughly to an incidence angle of 12-%—--0
et a radius near the tip. Thus, the incidence angle for rotating stall
was appreclably above the Incidence angle where the loss coefficient
starts to rise (fig. 6(a)). Rotor tip separation, as distinguished

from normal blade wakes, was noted with the rotating-stall instrumentation
(ref. 4) at an incidence angle of 6.9° for 60 percent of design speed.

Deviation angle. - For a given alrfoll section in a rotor cascade,
the values of measured deviation angles wilill probably depend on the
blade-element geometry (solidity, camber angle, and setting angle) and
the characteristics of the real flow across the element (blade-element
loss as influenced by both loading and Mach number, exlal-velocity ratio,
and three-dimensional effects). Because of the large number of varisbles
that might influence the deviation-angle values and because of the meas-
urement inaccuracies, the results of testing one rotor probably cannot
provide the inforustion necessary for a thorough analysis of the varia-
tions of deviation angle. However, the measured deviation angles are
compared with two-dimensional cascade deviation angles.

Inasmuch as the rotor blades are made up of circular-arc elements,
a comparison between the measured devietion angles and the deviation
angles computed with Carter's rule is given in figure 6. Carter's rule
(ref. 9) gives the value of deviation engle for two-dimensional cascades
of alrfoils having a circular-arc mean camber line. Generally, the best
agreement with values obtained by Cartert's rule ls observed at the mean
blade element (fig. 6(c)). The lack of agreement with values obtained
by Carter's rule near the tip and hub as well as the variation of devia-
tion angle with speed cannot as yet be explained.

The measured deviatlion angles 8° are much less than the design
values of 8° at the tip and 10° at the hub (ref. 4). Therefore, the
bledes overturned the alr and produced an average total-pressure ratio
greater than the design value (ref. 4). The largest difference between
megsured and design deviation angles occurred near the tip of the rotor.
Because the tip section generally is the most sensitive to deviation-
angle errors, the difference between design and measured blade-element
total-pressure ratios was greatest near the tip of the rotor. The over-
turning caused higher-than-design tip-section blade loading (diffusion
factor) and, as a result, high blade-element losses at design speed.

Rotor-Qutlet Conditions

The raedial variations of rotor-outlet conditions (station 4) are
given on figure 8 for 60, 80, 90, and 100 percent of design speed and
for three corrected specific weight flows at each speed. The test points
were selected to describe high-flow, peak-efficlency, and low-flow

.-
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operation of the compressor. The conditions shown are the rotor-outlet
absolute Mach number My, the rotor-outlet absolute air-flow angle By,
the rotor-blade-element total-pressure ratio P,/P;, and the rotor-blade-

element adiabatic temperature-rise efficiency 1. The design rotor-
outlet conditions were given in reference 4. }

It is of interest to conslder the changes in the radisl variations
of blade-element efficiency and total-pressure ratioc (fig. 8) at averaged
peak-efficiency operation as the rotor tip speed is increased. At speeds
below deslgn speed, the measured blade-element efficiency is quite high
(about 95 percent) over the annulus height except for the regions within
about-l/z-inch of the outer wall. Close to the walls the efficlency
decreases, indicating the presence of wall boundary layers and other end
effects. However, at design speed, the blade-element efficiency 1s lower
than at the other speeds, with a msrked drop near the tip, as a result of
the high blade-element losses observed for the tip section at design

speed (flgs. 6(a) and (b)). The slope of the blade-element total-pressure-

ratio varlation with radius increases as the speed increases (at the peak-
efficiency operating points), which is characteristic of the velocity
disgrams of this rotor.

Another interesting aspect of these radial-element data at the rotor
exit (station 4) is the trend of the characteristics when & stalling con-
dition is pregent. The effects of stall on the flow cheracteristics are
shown in figure 8(b), where the rotor was operating at 80 percent of
design speed and at a corrected specific welght flow 'Wq/§78Af of 19.9
pounds per second per square foot. The absolute alr-flow angles near the
tip verled considerably from those at the peak-efficlency condition. The
tip pressure ratio did not decrease to any large extent, because the
losses and the temperature ratio both increased. However, the tip effi-
clency became very poor.

Simplified Radlal Equilibrium

The mesasured radlal variations of rotor-outlet axial veloclity were
compared with the velocltles computed from the simplified-radial-
equilibrium equation, The form of the simplified-radisl-equilibrium
equation used in these compariscns is

v &,L‘-‘i-thEE_V_GE(_rY.Q)_ (1)
Z dr dr ar r dr
which is & simplification of the radisl-equilibrium equation derived in
reference 10. The assumptions made in the derivation of equation (1) are:
(1) exial symmetry, (2) negligible viscous shear forces, (3) perfect gas,
and (4) negligible radial accelerations due to streamline curvature and

3481
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tapering of the annulus walls. (A thorough discussion of the spplica-
tion of simplified radial equilibrium to axlal-flow turbomachine design
is given in ref, 11,)

Axial velocities were computed from equation (1) by using the meas-
ured values of total pressure P4 and Pz, total temperature T4 and
Tz, absolute flow angle By, and the caleculation procedure outlined in
ref'erence 11. Typicael comparisons of measured and computed rotor-outlet
axial velocities at design corrected tip speed are shown in figure 9,
vhere the ratio of axisl veloclity to rotor tip speed is plotted against
radius. The comparisons at design speed (and at the lower speeds as
well) are good, and it can be copcluded that the simplified-radilal-
equilibrium equation (eg. (1)) will apply to the design of rotors of
this type. In other words, the assumptions mede in deriving equetion
(1) did not cause any large inaccuracies in this case. Of the four
assumptlons, the one which considers the gtreamline curvature and the
annulus wall taper to have negligible effects generslly is the source of
most disagreement between measured and simplifled-radial-equllibrium
velocity distributions in axial-~flow compressors (refs. 10 and 11).

Streamline curvatures are small in the annulus downstream of this
rotor because the hub curvatures are slight, the aspect ratio is low
(about 1.5), and radial shifts in the flow through the blade row sare
small. Significant radial shifte in the flow ususlly do not occur with
the type of veloclty diagrams employed with transonic axial-flow-
compressor rotors designed for no prerotetion and nearly constent work
input. Contrary to the good comparisons obtained with this rotor, the
measured rotor-outlet axisl-veloclty variations with radius for s tran-
sonic compressor with a 0.4 hub-tip radius ratio (ref. 3) did not compare
well with the simplified-radial-equillbrium velocities, becaume of large
curvature of the hub contour.

Averaged Performance

Pressure ratioc and efficiency. - The mass-averaged rotor performence
data ere shown in figure 10 plotted agalnst the corrected specific weight
flow WAfﬁyaAf, as computed from the orifice data, for corrected rotor
tip speeds of 60, 80, 90, and 100 percent of deslgn speed. The solid
lines indicate mass-averaged rotor pressure ratio and mass-averaged
temperature-rise efficliency; and the dashed lines lndicate the over-all
arithmetically averaged performence, measured at statlon 6 (6.18 in.
downstream of the rotor), as reported in reference 4.

At each speed, small differences in the levels of pressure ratio and
efficiency are shown. These differences may be due to mixing losses,
method of averaging, or instrument error. The lowered efficiency at design

speed is caused by the high tip-section losses, which accompany the high
blade loadings (fig. 6(a)).
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Wall boundary-layer blockage factor. - Blockage factor K is de-
fined as the ratic of actual integrated weight flow to the ideal inte-
grated weight flow (asssuming no boundary layer). Further explanation of -
blockage factor may be found in reference 12. .

Preliminary surveys indicated that the blockage factor upstream of
the rotor K varied with weight flow between values of 0.985 and 0.990
for the range of condltions investigated. The rotor-discharge blockage
factor K, varied.with weight flow and speed as indicated 1n the follow-
ing table:

3481

u /A/e—, WA/0/54s, Ky

ft/sec |1b/(sec)(sq £t)

800 30.2 0.960
800 a27.2 .959
800 19.9 .854

1000 31.9 <846
1000 30.8 . 944
1000 27.9 «925

The low value of blockage factor (0.854) at a blade speed of 800
feet per second and a weight flow of 19.9 pounds per second per square
foot of frontal area results from the rotor operating 1n stall. An aver- -
age measured value of rotor-outlet blockasge factor is about 0.95 for the
rotor operating near peak efficiency.

SUMMARY OF RESULTS

The following results were obtained from an experimentsl investiga-
tion of a transonlc axlsl-flow-compressor rotor designed and tested to
obtain blade-element data on double-circular-arc airfoil sections.

1. The blade-element characteristics indicated a sharp increase in
losses near the rotor tip as the rotor tip speed increased from 90 to 100
percent of corrected design speed. On the basis of the analysis given
herein, the increase in loss wae attributed to high blade loading (dif-
fusion Pactor) and not to excessive shock losses. The relative inlet Mach
number near the rotor tip was 1.08 at design speed and deslign weight flow.

2. The variation in rotor-blade-element losses with diffusion factor
in the low-loss range of incidence angle agreed with the results of a
prevlious report. .

3. The measured deviation angles for the double-circular-arc blade
elements of this rotor sgreed most closely wlth those obtalned by Certer's .
rule near the mean radius. The measured deviestion angles near the tip
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and hub were, respectively, lower and higher than those obtained by
Carter’'s rule. The measured deviation angles were lower than the design
values at the tip and the hub.

4, A simplified-radisl-equilibrium calculatlon was performed at
the rotor exit to check 1ts validity for application to design proce-
dures, and good agreement between the experimental and calculated axisl
velocitles was obtalned.

Lewls Flight Propulsion La&boratory
National Advisory Committee for Aeronsutilcs
Cleveland, Ohio, October 8, 1954.
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APPENDIX -~ PERFORMANCE EQUATIONS

All the equations used in preparing the figures for thile report are

ligted herein. These equations are developed and discussed 1n references
2 and 6.
1l. Blade-element temperature-rise efficlency. By assuming that
r-1
P\ ¥
Tl P - 1.0
T = T (2)
D Ty - Ty
2. Mass-avereged temperature-rise efficiency
Tt,4 -1
o], PaVz,ame|\5) - 1-0fany
1 - (2)
t,4

v, ,r, (T, -T,) ar
Th,4 Pa¥z,474 Y72 7 1) g

3. Mass-averaged total-pressure ratio

T
([ Tt,4 r-1 N
Pa\ ¥
p - By = 1 PyVy, 4740y
4 h,4
_— = + 1.0 (3)
Pl rt,4
PeVz, 47497y
\ Th,4 )

4. Rotor relative total-pressure-loss coefficient

Py
Pl l-o - (’P_)
— 4 |
o - (5) :
id

X
T\ VoL
T

R
r-1 2} 7T

3

(4)

where (Pi/Pé)id was teken equal to 1.0 for all computations used hereiln.

S

3481
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5. Work coefficient

T, - T
471
gJcpTat K )
AH ° Ty

m—ait 3
U% Ug )2

A6
6. Diffusion factor

v Vg.z - Vi 4
D'(-v%' + s (&)
z 3
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TABLE I. - ROTOR-BLADE-ELEMENT GEOMETRY

Radius, Solidity,® | Blade inlet angle, Blade ocutlet
in. o T2 angle, 1§,
a3 4
Inlet, | Outlet, €g deg
E Tz Ty Degign | Measured | Design | Measured
[...l
7.00 7.00 1.00 54.1 52.7 40.3 41.5
6.55 6.62 1.04 52.2 51.0 36.9 37.2
8.38 6.47 1.06 51.4 50.2 35.5 35.6
5.80 5.97 1.13 48.6 47.8 30.3 30.0
o‘? 5.22 5.47 1.23 45.5 44.7 23.7 23.7
(&4
4£.63 4.97 1.35 42.0 41.5 15.9 16.7
- 4.05 4.47 1.51 38.0 37.6 6.2 8.3

&Thege values are a correction to the solidities given in table
of ref. 4.
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Rotor-inlet absolute Mach number

Rotor-inlet mean-radiue absolute Mach number’ Mz,g
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Figure 3. - Radlal variation of rotor-inlet absolute Mach mumber.
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Figure 5. - Radial-axial projection of transonic axial-flow-compressor
rotor showing assumed streamlins.
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